We used mouse-Chinese hamster somatic cell hybrids which lose mouse chromosomes to examine the distribution of murine leukemia virus DNA sequences in the genome of A/HeJ mice. We analyzed total cellular DNA from various hybrid clones for the presence of viral sequences by molecular hybridization and used the Southern blot hybridization procedure to identify viral DNA in cellular restriction endonuclease fragments. Our results show that murine leukemia virus DNA sequences are distributed among many mouse chromosomes in this strain. Chromosome 4 was shown to contain murine leukemia virus DNA sequences.
The mouse genome contains multiple copies of integrated murine leukemia virus (MuLV) DNA sequences (7, 31, 39) . These integrated viral sequences are transmitted vertically as genetic elements (7, 8, 31) . Inbred and feral strains of Mus musculus (7, 11, 13, 29) and Asian mice, Mus caroli and Mus cervicolor (5) , all contain MuLV DNA sequences in their genomes. At least some of these sequences represent structural genes for a variety of biologically distinguishable retroviruses (e.g., ecotropic N-and Btropic, xenotropic, and amphotropic MuLV's).
The position of certain of these MuLV DNA sequences in the mouse genome has been determined by genetic analysis. The Akv-1 locus, which represents the structural sequences of the ecotropic MuLV of AKR mice, has been mapped on chromosome 7 (8, 32) . The Fgv-1 locus of C3H/Fg mice has also been mapped on chromosome 7, but is at a site nonallelic with Akv-1 (31) . The ecotropic MuLV inducibility locus of BALB/c mice has been mapped on chromosome 5 (24) , and serological assays have identified a locus for the C3H/HeJ ecotropic virus on chromosome 5 closely linked but not allelic with the BALB/c ecotropic viral sequences (16) . Finally, a locus on chromosome 1 has been identified for xenotropic MuLV inducibility in BALB/c and C57BL/10 mice (23) .
The present work was undertaken to study the distribution of MuLV DNA sequences among the chromosomes of A/HeJ mice. This strain is representative of low-leukemic, low-virus mice in that infectious virus is rarely observed in vivo and cultured cells are not inducible by 5-iododeoxyuridine for xenotropic virus and only poorly inducible for ecotropic virus. The chromosomal association of proviral sequences in this strain was examined with a combination of molecular annealing and somatic cell hybridization techniques. The DNA from a series of mouse-Chinese hamster hybrid clones was hybridized to a radioactive DNA probe complementary to B-tropic endogenous MuLV (Btropic [3H]cDNA) obtained from BALB/c mice. This probe was chosen for its ability to hybridize totally or partially to several viral sequences from biologically distinguishable retroviruses (ecotropic N-tropic MuLV [4, 18, 30] , Kirsten MuLV, Rauscher MuLV [4] , xenotropic MuLV [4] , and amphotropic MuLV [2, 10] (Fig. 1B) . As expected, higher hybridization plateau values were obtained with increasing concentrations of A/HeJ DNA. As little as 2 to 5% of A/HeJ cell DNA could be easily detected by this method.
The rate of annealing of B-tropic viral cDNA to the DNA from each mouse-Chinese hamster hybrid clone is shown in Fig. 2 . All 13 hybrid clones tested had endogenous MuLV-related sequences. An examination of the mouse chromosome constitution of each of these clones (Table  1) shows that no single mouse chromosome contains all of the MuLV DNA sequences since each of the 20 chromosomes was absent in at least one of the hybrids tested. Therefore, MuLVrelated sequences are distributed among several chromosomes in the mouse genome. This conclusion is also supported by comparing the extent of hybridization in individual clones with increasing numbers of mouse chromosomes. The number of mouse chromosomes identified in metaphase spreads was used to estimate the percentage of murine DNA in each clone (Table  1) . Correlation with the annealing kinetics in Fig. 2 shows that with the exception of one hybrid, 13 (22) . Cells were maintained in Dulbecco-modified Eagle medium supplemented with 10% calf serum, penicillin (50 U/ml), and streptomycin (50 ,ug/ml). Primary hybrids were grown in HAT selective medium (minimal essential medium with 104 M hypoxanthine, 4 x 10-5 M aminopterin, and 1.6 x 10-5 M thymidine). Secondary clones were either isolated in HAT medium or backselected and maintained in minimal essential medium with 10 to 20 Ag of 8-azaguanine per ml (21, 22 (36) and Moloney MuLV (37) . EcoRI-generated cellular DNA fragments were separated by agarose gel electrophoresis, and fragments bearing MuLV-related sequences were identified by the Southern DNA transfer procedure (35) , using [32P]cDNA as a probe. As shown in Fig. 3 (35) . DNA fragments were annealed to 3 x 106 to 6 x 106 cpm of f2P]cDNA, and viral DNA was detected by autoradiography as describedpreviously (19) . Lambda DNA cleaved with EcoRI was run as marker.
[32P]cDNA was prepared by incubating banded cloned BALB/c endogenous ecotropic B-tropic (B-CI-Il) virions (17) in the presence of 0.05 M Tris-hydrochloride (pH 8.3), 0.02 M dithiothreitol, 0.06 M NaCl, 6 mM magnesium acetate, 4 mM each dATP, dGTP, and dTTP, 0.01% Nonidet P-40, 80 pg of actinomycin D per ml, 250 ,uCi of [a-32P]dCTP (>300 Ci/mmol; New England Nuclear Corp.), and 1 mg ofcalfthymus oligonucleotides as primers (38) in a final volume of 0.5 ml. After incubation, the reaction mixture was deproteinized and processed as described previously (18) Cellular DNA from hybrid clones which retained only a few mouse chromosomes (4B31AZ and B2bAZa23) showed a somewhat simpler but still complex pattern of virus-specific fragments (Fig. 3C and D) , supporting our previous conclusion that MuLV-related sequences are distributed throughout the mouse genome. The complexity and heterogeneity of these bands are such that their precise correlation with individual mouse chromosomes is difficult.
The restriction endonuclease analysis of clones 6D3AZ (having only chromosome 4) and 10-2 (having mainly chromosome 4) showed that DNA from these two clones does contain numerous virus-specific fragments undetected in E36 DNA (Fig. 3E and F) . This result supports our previous conclusion that chromosome 4 contains MuLV-related sequences and indicates that these sequences are integrated at several different sites on this chromosome.
This study on the distribution of MuLV DNA sequences in different mouse-Chinese hamster hybrid clones segregating mouse chromosomes indicates that these viral sequences are not located on a single chromosome, but appear to be distributed throughout the mouse genome on many chromosomes. Our data showed that MuLV-related sequences are present on chromosome 4. This finding is of particular interest for two reasons. First, the Fv-1 gene which controls the expression of ecotropic N-and B-tropic MuLV has also been mapped on chromosome 4 (33) . The relationship of the Fv-1 locus to endogenous MuLV-related sequences has not yet been determined, but a model suggesting that Fv-1 codes for viral information has been proposed (41) . Second, the distribution of the DNA of the endogenous murine mammary tumor virus has also been studied by Morris and coworkers (27) 
